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(57) ABSTRACT

Circuits and methods for suppressing integrated circuit
leakage currents are described. Many of these circuits and
methods are particularly well-suited for use in dynamic
memory circuits. Examples describe the use of power,
ground, or both and power and ground source transistors
used for generating virtual voltages. An aspect of the inven-
tion describes lowering refresh current. An aspect describes
reducing the standby current. An aspect of the invention
describes lowering leakage resulting from duplicated cir-
cuits, such as row decoders and word line drivers. An aspect
describes methods of performing early wake-up of source
transistors. A number of source transistor control mecha-
nisms are taught. Circuit layouts methods are taught for
optimizing integrated circuit layouts using the source tran-
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LOW POWER MEMORY CONTROL CIRCUITS
AND METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from U.S. provi-
sional application Ser. No. 60/720,185 filed on Sep. 23, 2005
incorporated by reference herein in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not Applicable

INCORPORATION-BY-REFERENCE OF
MATERIAL SUBMITTED ON A COMPACT
DISC

[0003] Not Applicable

NOTICE OF MATERIAL SUBJECT TO
COPYRIGHT PROTECTION

[0004] A portion of the material in this patent document is
subject to copyright protection under the copyright laws of
the United States and of other countries.

[0005] The owner of the copyright rights has no objection
to the facsimile reproduction by anyone of the patent docu-
ment or the patent disclosure, as it appears in the United
States Patent and Trademark Office publicly available file or
records, but otherwise reserves all copyright rights whatso-
ever. The copyright owner does not hereby waive any of its
rights to have this patent document maintained in secrecy,
including without limitation its rights pursuant to 37 C.F.R.
§ 1.14.

[0006] A portion of the material in this patent document is
also subject to protection under the maskwork registration
laws of the United States and of other countries. The owner
of the maskwork rights has no objection to the facsimile
reproduction by anyone of the patent document or the patent
disclosure, as it appears in the United States Patent and
Trademark Office publicly available file or records, but
otherwise reserves all maskwork rights whatsoever. The
maskwork owner does not hereby waive any of its rights to
have this patent document maintained in secrecy, including
without limitation its rights pursuant to 37 C.FR. § 1.14.

BACKGROUND OF THE INVENTION

[0007] 1. Field of the Invention

[0008] This invention pertains generally to memory
devices, and more particularly to control circuits within
memory devices.

[0009] 2. Description of Related Art

[0010] Memory devices as well as many other electronic
circuits incorporate memory cells within which are retained
bits of digital data. These memory cells can be static or
dynamic in nature. In dynamic random access memory
(DRAM) the memory cells are so volatile that a charge
restoring operation is needed to maintain cell information.
This charge-restoration operation is referred to as a refresh
operation, such as performed by a memory controller.
Depletion of the charge from the memory cell arises through
several leakage sources. A major portion of the leakage
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arises from a sub-threshold leakage current which consti-
tutes a major portion of the total leakage current. In a
conventional DRAM cell organization which shares a bitline
among many memory cells, the shortest data retention time
arises during memory block activation.

[0011] Accordingly, a need exists for circuits and methods
for reducing leakage current within memory circuits, and in
particular dynamic memory circuits. These needs and others
are met within the present invention, which overcomes the
deficiencies of previously developed circuits and methods.

BRIEF SUMMARY OF THE INVENTION

[0012] A number of circuits and methods are taught for
reducing power consumption within memory circuits, and in
particular dynamic memory circuits. A dynamic memory
circuit includes a first cross-coupled transistor pair for
sensing and amplifying a differential voltage between a first
and second circuit nodes, herein referred to as LA and LAb.
In response to sensing the differential voltage either said first
or second circuit node is driven to a first voltage. The node
to which this arises is the circuit node which is closest in
voltage to the first voltage.

[0013] The invention is amenable to being embodied in a
number of ways, including but not limited to the following
descriptions.

[0014] An embodiment of the invention can be generally
described as a circuit device, comprising: (a) a memory cell;
(b) at least one memory access transistor coupled to the
memory; and (c¢) wherein the memory access transistor is
configured with a gate-to-source potential that changes in
response to the operating mode of the circuit device.

[0015] The circuit and method of reducing power con-
sumption is particularly well suited for dynamic random
access memory (DRAM) in which memory state is main-
tained within a plurality of DRAM memory cells in response
to performing refresh operations.

[0016] Within the circuit, the gate-to-source potential of
the memory cell comprises a source potential which is
higher than the gate potential, for example, the source
potential can be higher than zero volts, or the gate potential
lower than zero volts, or the source potential can be higher
than zero volts and the gate potential also lower than zero
volts.

[0017] In one implementation, a circuit is configured for
changing the gate-to-source potential in response to reading
the state of data within the memory cell.

[0018] By way of example, the circuit can comprise a
bitline sense amplifier configured for controlling the source
transistors. The circuit may comprise a latch device (i.e.,
CMOS) and a source transistor, which can be a power source
transistor, ground source transistor, or a combination of
source and ground transistors.

[0019] The present aspects of the invention can be imple-
mented using different forms of source transistors. By way
of example, a PMOS transistor can be used as a ground
source transistor which changes the gate-to-source potential
in response to reading the state of data within the memory
cell. In one embodiment, the source of the PMOS transistor
is coupled to the common node of two NMOS transistors of
a CMOS latch, and the drain of the PMOS transistor is
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connected to ground. In this example, the gate potential of
the PMOS transistor changes in response to operating mode
of the memory device. The gate potential of the PMOS
transistor is preferably controlled in response to receiving a
pulsed signal, although other drive signals can be utilized.

[0020] The source transistors can be modulated in
response to memory operating mode. For example, for a
dynamic memory cell is configured so that the gate potential
of the PMOS transistor is lower than zero volts in normal
operating mode, and the gate potential is zero volts when the
device is in refresh mode. The refresh mode can be con-
trolled by a memory controller or memory device, or similar
circuit.

[0021] Source transistors can comprise various arrange-
ments of NMOS and PMOS transistors. In one example, an
NMOS source transistor can be used as a ground source
transistor which changes the gate-to-source potential in
response to reading the state of data within the memory cell.
In one implementation the drain of the NMOS source
transistor is coupled to a common node of two NMOS
transistors of a CMOS latch, and the source of the NMOS
source transistor is connected to ground. In this case the
NMOS source transistor gate potential changes in response
to the operating mode of the circuit device. The gate
potential of this NMOS source transistor is preferably con-
trolled by a pulse signal, or by a reference voltage through
an error detector, or other circuit which is responsive to
device state.

[0022] An embodiment of the invention describes a
dynamic memory (DRAM) device with improved memory
retention, comprising: (a) a plurality of memory cells; (b) a
pair of bitlines coupled to the memory cells; (¢) wherein the
memory cells are configured to maintain memory state in
response to performing refresh operations; and (d) wherein
the memory cells are configured with a cell data high
potential which is boosted in self-refresh, or system con-
trolled, refresh mode.

[0023] In one implementation, the equalized bitline level
is higher in self-refresh mode than in normal operating
mode, such as by being controlled by a bitline precharge
level generator. The boosted potential of the bitline level can
be controlled by a reference voltage signal through an error
detector, a pulse signal, a combination of existing signals, or
a combination of reference voltage signal, pulse signal, and
mode entry and/or exit signals. Cell data high potential can
be generated by using source transistors, such as comprising
at least a first, second and third source transistor. For
example, the first source transistor comprising a PMOS
source transistor, and the second and third source transistors
comprising NMOS source transistors.

[0024] Inone example, the first transistor is configured for
speeding up supply power, and is preferably connected to a
power supply with a higher voltage potential than the supply
voltage of second and third source transistors. The second
source transistor in this example generates main power and
the third source transistor generates auxiliary power. The
source of first PMOS source transistor and the drain of first
NMOS source transistor are preferably connected to inter-
nally generated power, and the drain of the second NMOS
source transistor is connected to externally supplied power.
The gate of the second NMOS source transistor can be
controlled by a pulse or a combination of pulse and mode
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entry and/or exit signals. The second NMOS source tran-
sistor is configured to provide a turn-on time in self-refresh
mode that exceeds the turn-on time in normal operating
mode.

[0025] An embodiment of the invention describes a
dynamic memory (DRAM) device, comprising: (a) a plu-
rality of memory cells; (b) wherein memory state of the
dynamic memory is maintained in response to performing
refresh operations; (c) a pair of bitlines coupled to the
memory cells; (d) a bitline sense amplifier coupled to the
bitlines for sensing the state of memory cells; (e) a plurality
of source transistors coupled to the bitline sense amplifier;
() the plurality of source transistors preferably comprises a
first PMOS source transistor, a first second NMOS source
transistor; wherein the source transistors are connected to a
latch within the bitline sense amplifier.

[0026] According to one implementation, the source of the
first PMOS source transistor, and the drain of the first
NMOS source transistor, are connected to internally gener-
ated power, and the drain of the second NMOS source
transistor is connected to externally supplied power. The
gate of second NMOS source transistor can be controlled in
a number of ways, such as by a pulse, or a combination of
pulse and mode entry and/or exit signals.

[0027] An embodiment of the invention describes a
dynamic memory (DRAM) device, comprising: (a) a plu-
rality of memory cells whose memory state is maintained in
response to performing refresh operations; (b) a pair of
bitlines coupled to the memory cells; (c) a bitline sense
amplifier coupled to the bitlines for sensing the state of the
memory cells; and (d) a plurality of source transistors
coupled to the bitline sense amplifier and configured to
increase the voltage potential of memory cell high data.

[0028] By way of example, the plurality of source tran-
sistors can comprise three source transistors. In one case the
source transistors comprise a first PMOS source transistor,
and a first and second NMOS source transistor. The source
transistors are connected to a latch within the bitline sense
amplifier. A first of the plurality of source transistors is used
to speed up supply power by being connected to a power
supply configured with a higher voltage potential than the
supply voltage of a second source transistor and a third
source transistor within the plurality of source transistors. In
this case the second source transistor can be configured to
deliver main power, and the third source transistor to deliver
auxiliary power.

[0029] An embodiment describes a method of reducing
current in a dynamic memory circuit, comprising: (a) cou-
pling at least one source transistor to the sense amplifiers of
the dynamic memory circuit for operation from virtual
power supplies; (b) suspending read and/or write accesses to
a memory block to enter active-standby mode in response to
receiving an associated signal; and (c) changing the state of
the source transistors while maintaining data in the memory
cell to reduce operating current of the memory block.

[0030] In one implementation the source transistors com-
prise at least one power source transistor, at least one ground
source transistor, or a combination of power and ground
source transistors. The source transistors are controlled in
response to device signals, such as receiving a pulse signal,
or a reference voltage received through an error detector, or
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mode entry and/or exit signals, or a combination of pulse,
reference voltage, or mode entry and/or exit signals. Chang-
ing the state of the source transistors lowers the voltage
supplied to the bitline latch in active standby mode.

[0031] The source transistors can be configured in differ-
ent ways. In one case the source transistor comprises at least
one NMOS source transistor, or at least one PMOS source
transistor, or a combination of NMOS and PMOS source
transistors. For example, the source transistor can comprise
at least one NMOS power source transistor configured with
a gate potential that is lower when the dynamic memory
circuit is in active standby mode than when the dynamic
memory circuit is in normal operating mode. The source
transistor can comprise at least a ground source transistor
which supplies ground voltage to the bitline latch wherein
the ground voltage has a higher potential in active standby
mode than in normal operating mode in response to con-
trolling the state of the ground source transistor. The ground
source transistor can comprise NMOS source transistors,
PMOS source transistors, or both NMOS and PMOS source
transistors.

[0032] An embodiment of the present invention describes
a method of reducing current in a dynamic memory circuit,
comprising: (a) coupling at least one source transistor to the
sense amplifier of the dynamic memory circuit to configure
it for operation from a virtual power supply; and (b) chang-
ing the state of the at least one source transistor to reduce
operating current of the memory block while maintaining
data in the memory cell; (c¢) receiving an asynchronous
signal (i.e., command signal) with positive setup time rela-
tive to a first clock, or a synchronous signal reference to a
second clock with a positive setup time relative to the first
clock, to change the state of the source transistor(s). In one
case the second clock and the first clock operate at an
identical frequency, while having a differing phase relation-
ship. In another case the second clock and the first clock
operate at different frequencies.

[0033] In one implementation of this method the source
transistors comprise power source transistors, for example,
as a combination of NMOS and/or PMOS source transistors.
By way of example, two or more asynchronous signals can
control the power source transistors, with the earlier asyn-
chronous signal being applied to the gate of the PMOS
source transistor. The asynchronous signal that enables the
NMOS source transistor has a voltage potential that exceeds
the power potential.

[0034] In one implementation of this method the source
transistors comprise ground source transistors, for example
a combination of NMOS and/or PMOS transistors. For
example, the source transistors can comprise ground source
transistors. Two or more asynchronous signals control the
ground source transistors and the earlier asynchronous sig-
nal is applied to the gate of the NMOS source transistor and
the later signal applied to the PMOS transistor. The asyn-
chronous signal that enables the PMOS source transistor has
a voltage potential below that of ground potential.

[0035] Other implementations are also described, such as
the control of power source transistors and ground source
transistors using synchronous signals, or a combination of
asynchronous and synchronous signals.

[0036] An embodiment describes a method of reducing
current in a dynamic memory circuit, comprising: (a) cou-
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pling at least one source transistor to the sense amplifier of
the dynamic memory circuit to configure it for operation
from a virtual power supply; and (b) changing the state of
the at least one source transistor to reduce operating current
of the memory block while maintaining data in the memory
cell; (c) wherein the state of the source transistor is changed
in response to receiving an asynchronous signal with posi-
tive setup time relative to a clock and a synchronous signal
(i.e., command) referenced to the same clock.

[0037] In addition, the dynamic memory circuit can be
logically or physically divided into sections in which source
transistors of a first portion of these sections are controlled
by an asynchronous signal and source transistors of a second
portion of the sections are controlled by a synchronous
signal. Different combinations are described of synchronous
and asynchronous control as well as the transistor being
used.

[0038] An embodiment describes a integrated circuit,
comprising: (a) at least one block of memory cells contain-
ing a plurality of logic transistors; (b) at least one power path
and at least one ground path bordering the block of memory
cells; (c) a row decoder coupled to each block of memory
cells within the at least one block of memory cells; (d) a
column decoder coupled to each block of memory cells
within the at least one block of memory cells; (e) at least a
pair of bitlines coupled to each memory cell of the at least
one block of memory cells; (f) a bit line sense amplifier
coupled to the pair of bit lines and configured for sensing
differential voltage of a memory cell within the memory
cells and refreshing the high or low state of the memory cell;
(g) at least one source transistor within the plurality of logic
transistors of the memory block which is configured for
generating at least one virtual voltage level; and (h) at least
one virtual power path, virtual ground path, or combination
of virtual power and ground paths coupled to the at least one
virtual voltage level.

[0039] In the layout of this integrated circuit at least one
source transistor can be placed closer to its respective power
or ground line than the logic transistors. The source tran-
sistor can comprise a power source transistor, a ground
source transistor, or a combination of power and ground
source transistors. In one case the power source transistor
includes an NMOS source transistor, or the ground source
transistor includes a PMOS source transistor, or both power
and ground source transistors can be included.

[0040] The source transistors can be positioned outside of
the memory block, which is composed of logic transistors.
An embodiment describes an integrated circuit in which the
source transistor is positioned under the power line and does
not cross the plurality of logic transistors of the block of
memory cells. Implementations describe source transistor
placement comprising a lumped placement of source tran-
sistors for the entire logic block, or a distributed placement
where power and source transistors are adjacent to each
layout block. The source transistors can comprise any com-
bination of power source transistors and ground source
transistors which drive the entire layout block. Alternatively,
the block of memory cells can be segmented and power
and/or ground source transistors placed per each segment.

[0041] The source transistors can generate a potential on a
virtual power line, such as one that is positioned closer to the
logic transistors of the memory cells than to one or more
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power lines of the integrated circuit. In one implementation
the source transistors are positioned in the gap between a
pair of column decoders at the intersection of a sub-wordline
driver, or by strapping. In other implementations source
transistors are positioned in the gap between row decoders,
such as at the intersection with a bitline sense amplifier. The
source transistor can be positioned in the gap between a first
and second sub-wordline driver at the intersection with a
bitline sense amplifier. Source transistors can comprise a
PMOS source transistor placed in an NWELL of a cross-
coupled pair of PMOS transistors within a latch of the bit
line sense amplifier, or the source transistor can comprise an
NMOS power source transistor placed in a PWELL, or on a
portion of P-type substrate. The source transistors can be
placed on each pair of bitlines or a group of bitline pairs.

[0042] An embodiment of the invention describes a
method of determining proper source transistor connection
within a memory or logic circuit, comprising: (a) executing
a simulation routine for characterizing the memory or logic
circuit; (b) assigning a known state, other than V, or Vg,
to the node where a source transistor connects to the logic
transistor during the simulation, wherein the known state is
output at the logic output for a predetermined input state.

[0043] An aspect of the invention is reducing leakage
current in memory circuits, and in particular dynamic
memory circuits subject to refresh.

[0044] Another aspect of the invention is the incorporation
of various source transistor configurations for providing
virtual source and virtual ground potentials to provide power
for portions of the circuit in response to operating mode.

[0045] Another aspect of the invention is that of reducing
standby currents, such as active power-down standby
(ICC3P), by incorporating select source transistor configu-
rations.

[0046] Another aspect of the invention is to reduce leak-
age that arises from duplicated circuits, such as row decod-
ers, wordline drivers and so forth, wherein these circuits are
deactivated after storing state information that is utilized to
reload the circuits upon reactivation.

[0047] Another aspect of the invention is to provide dif-
ferent circuits for controlling source transistors to drive
virtual power lines.

[0048] Another aspect of the invention provides layout
methods for enhancing the use of power source transistors
while minimizing the chip area used.

[0049] A still further aspect of the invention is a method of
verifying source transistor use during integrated circuit
design and layout.

[0050] Further aspects of the invention will be brought out
in the following portions of the specification, wherein the
detailed description is for the purpose of fully disclosing
preferred embodiments of the invention without placing
limitations thereon.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

[0051] The invention will be more fully understood by
reference to the following drawings which are for illustrative
purposes only:
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[0052] FIG. 1 is a schematic of a dynamic random access
memory (DRAM) core according to an embodiment of the
present invention, shown for reducing self-refresh current.

[0053] FIG. 2A-2B are timing diagrams of normal opera-
tion and self-refresh modes for the circuit of FIG. 1.

[0054] FIG. 3A-3D are schematics of circuits for control-
ling power levels within the memory circuit according to the
present invention.

[0055] FIG. 4A-4D are schematics of circuits for control-
ling ground levels within the memory circuit according to
the present invention.

[0056] FIG. 5A is a schematic of a ground level control
method according to an aspect of the present invention,
showing a combination PMOS and NMOS SAN controller
with a clamp (LVIT-PMOS) between LAb and ground.

[0057] FIG. 5B is a timing diagram for the ground level
control method as illustrated in FIG. SA.

[0058] FIG. 6A is a schematic of a ground level control
method according to an aspect of the present invention,
showing an NMOS only SAN controller with a clamp
(LVT-PMOS) between LAb and ground.

[0059] FIG. 6B is a timing diagram for the ground level
control method as illustrated in FIG. 6A.

[0060] FIG. 7 is a timing diagram for a power source
control as used for the circuit illustrated in FIG. 1.

[0061] FIG. 8 is a timing diagram for a method of sup-
pressing the active power-down standby current for DRAM
core circuits.

[0062] FIG. 9 is a block diagram of a memory device
organization for suppressing active power down current
according to an aspect of the present invention, and showing
controlling power in duplicated circuits with pre-decoding
signal latches.

[0063] FIG. 10 is a timing diagram for a method of
suppressing active power down current utilizing a combi-
nation of controlling bitline sense amplifiers and source
transistors within repeated circuits according to an aspect of
the present invention.

[0064] FIG. 11 is a schematic of early and late stage
control signal generation according to aspects of the present
invention.

[0065] FIG. 12 is a block diagram of using PES (early
stage) and PLS (late stage) control signals for circuit control
according to the present invention.

[0066] FIG. 13 is a block diagram of control generation
based on buffer control signals according to an aspect of the
present invention.

[0067] FIG. 14A is a schematic of power source transistor
control according to an aspect of the present invention.

[0068] FIG. 14B is a timing diagram for the power source
transistor control of FIG. 14A.

[0069] FIG. 15 is a layout for a circuit unit (Type 1)
showing source transistor locations on a memory block
which supports virtual power lines according to an embodi-
ment of the present invention.
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[0070] FIG. 16A-16B is a layout for a circuit block
comprising a plurality of the unit blocks shown in FIG. 15.

[0071] FIG. 17 is a layout for a circuit unit (Type 2)
showing source transistor locations on a memory block
which supports virtual power drivers according to an
embodiment of the present invention.

[0072] FIG. 18 is a layout for a circuit block comprising
a plurality of the unit blocks shown in FIG. 17.

[0073] FIG. 19A-19B is a layout for a z-logic column
decoder according to an aspect of the present invention,
showing virtual power drivers located in decoder holes.

[0074] FIG.20A-20B is a layout for a z-logic row decoder
according to an aspect of the present invention, showing
virtual power drivers located in row decoder holes and
source transistors of the bitline sense amplifier located in
relation to bitline pairs (singly or in various combination), or
in an area crossed by sense amp area and sub-wordline
driver.

[0075] FIG. 21 is a layout of N and P sense amplifier
transistors within a normal distribution type.

[0076] FIG. 22 is a layout of N and P sense amplifier
transistors within a z-logic distribution type according to an
aspect of the present invention.

[0077] FIG. 23 is a layout of a driver located at a cross-
over of a sub-word line driver and bit line S/A within a
memory cell array.

[0078] FIG. 24 is a schematic of a design represented
using zigzag z-logic gates according to an aspect of the
present invention.

[0079] FIG. 25 is a schematic of a transistor level repre-
sentation of the design shown in FIG. 24.

[0080] FIG. 26-27 are schematic representations of good
and bad standby mode configurations.

DETAILED DESCRIPTION OF THE
INVENTION

[0081] Referring more specifically to the drawings, for
illustrative purposes the present invention is embodied in the
apparatus generally shown in FIG. 1 through FIG. 27. It will
be appreciated that the apparatus may vary as to configura-
tion and as to details of the parts, and that the method may
vary as to the specific steps and sequence, without departing
from the basic concepts as disclosed herein.

[0082] 1. Methods to Reduce Self-Refresh Current.

[0083] FIG. 1 illustrates by way of example embodiment
a dynamic memory core according to the present invention.
During the memory precharge state, bitline pairs (BL_R,
BLB_R, BL_L, and BLB_L) are typically at a voltage
potential which is about half of V, potential, where V, is
the memory core operating voltage. It is assumed that data
low and high are stored at memory storage nodes NS0 and
NS1, respectively. In precharge state, wordlines such as
WLO0 and WL1 are set to ground (zero) potential. Therefore,
Vgs and Vg, of transistor MNA1 (memory cell access
transistor for storage node NS1) are at —%2 *V,; and -V,
respectively. Thus, the leakage current flowing through
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memory cell transistor MNA1 is meager and the high data
stored at the memory cell node NS1 is not significantly
deteriorated.

[0084] However, when memory cell C0 is accessed, a
significant leakage current path for MNA1 is formed. After
wordline WL0 is activated and charge between memory cell
C0 and bitline BL_R is shared, the bitline sense amplifier
pairs consisting of MPS1, MPS2, MNS1 and MNS2 detect
and amplify the developed signal difference at bitline pair
BL and BLB. As a consequence of the data stored at memory
cell CO being low, BL._R goes to low (Vg) and BLB_R goes
to high (Vpp). At this point, while V5, of MNAT is still
~Vims Vgs of MNAL is zero instead of -%2 *V,, as in the
precharge state. Due to the absence of reverse bias condition
for V4q of MNALI, the leakage current through MNA1
increases significantly and therefore, data retention time for
stored high data at NS1 can be subject to drastic reduction.
This leakage current represents a serious problem in DRAM
operation modes, such as self-refresh mode, because the
DRAM cell refresh period is determined purely based on
how long the data can be stored at a memory cell and the
longer the refresh period the smaller the refresh current. This
self-refresh current therefore is an important parameter for
low power devices such as mobile application devices.

[0085] Circuits and methods are described herein which
suppress leakage current in memory cells that are not being
accessed. It should be appreciated that the voltage levels
described are provided by way of example for one particular
embodiment, wherein one of ordinary skill in the art will
appreciate that the circuits and methods can be implemented
to support any desired voltage potential for the power line.

[0086] In a first method, the wordline level is maintained
at a slightly lower voltage than zero. For example, in a
precharge state, the wordline level is set to —-0.3V instead of
0V. When a memory cell is accessed, even though the bitline
voltage is developed to Vg, the V5o of memory access
transistors which are not accessed is not OV, but is —-0.3V.
One disadvantage of this method is the requirement of a
negative voltage in self-refresh mode and the difficulty in
achieving a lower voltage such as -0.6V to further suppress
leakage current in self-refresh mode.

[0087] In a second method, a developed bitline level is
boosted while maintaining the wordline voltage to be zero so
that V44 of the memory access transistor is a negative value.
One way to achieve this is to discharge the bitline to a
voltage higher than OV, instead of discharging to V. For
example, when the memory array is accessed, the bitline
BL_R is discharged to 0.3V instead of to Vgg which is
normally at OV. Therefore, even though the wordline level of
an un-accessed memory cell is zero, V¢ of the correspond-
ing memory access transistor is =0.3V.

[0088] Clamping of the bitline voltage can be achieved by
any suitable means, one such mechanism is represented in
FIG. 1. Instead of using a typical NMOS transistor for an
NMOS source control transistor, a PMOS transistor, such as
MPSRC1, can be utilized. By way of example, and not
limitation, one control method for the PMOS source tran-
sistor can be implemented as follows. In normal operation,
SAN is lowered to a negative voltage to overcome a PMOS
V1 drop. Since a voltage lower than Vig by a PMOS
threshold voltage is required to fully transfer Vg, the
voltage level of SAN is at most Vg-Vp for a full Vg
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transfer. However, in self-refresh mode, SAN goes to Vg
instead of going to a negative voltage to clamp the BL_R
level at V, of MPSRC1. Under this condition in self-refresh
mode, V4 of MNAL is a negative value and suppresses
leakage current.

[0089] A disadvantage of boosting the developed bitline
level is slower sensing speed of the sense amplifier. For
example, assume that the bitline pairs are set to half V5
(1V) and node LAb is boosted by a certain voltage (0.3V)
instead of its normal value of OV. Without boosting, V55 of
MNS1 can be %2*V, (1V) when a sensing operation starts,
but with boosting it can only be 0.7V. As such, the reduced
current capability of the sensing transistor can degrade the
sensing speed. To overcome this shortcoming, a novel power
boosting scheme is disclosed herein. In normal operation,
the DRAM core voltages are V, and Vgg. In self-refresh
mode, the DRAM core voltages are Vo and Vggqy, where
Vppg and Vg are power and ground voltages boosted by
a certain amount, respectively.

[0090] FIG. 2A-2B illustrate timing diagrams to imple-
ment the above power boosting method based on the DRAM
core configuration presented in FIG. 1. In normal operation
as shown in FIG. 2A, SAP goes to Vpp, from Vg, where
V,,, 1s a predetermined voltage higher than Vp,, to overcome
a threshold voltage drop by NMOS transistor. SAN goes to
Vipz from Vo, where Vg, is a predetermined voltage
lower than Vg to overcome a threshold voltage drop by
PMOS transistor. Therefore, bitline pairs are fully developed
to Vpp and V. Assuming data low is stored at cell CO0,
BL_R goes to Vyg and BLB_R goes to V, when the
wordline WLO is activated. In self-refresh mode as shown in
FIG. 2B, SAP goes to Vppyyy which is a predetermined
voltage higher than Vyp, to boost the bitline voltage to

DDH*

[0091] A necessary assumption here is that the DRAM
core voltage V5, can be higher in self-refresh mode than in
normal operating mode. For example, Vp, is 2V in normal
operating mode and 2.5V in self-refresh mode. If a PMOS
transistor is used for the power source transistor, the period
to enable the PMOS power source transistor can be longer
to supply more current to the sense amplifier. Therefore,
BLB_R goes to a higher voltage (Vppy) than normal
operation. SAN goes to V4 instead of V5, and the level of
BL_R is clamped at Vp (i.e., Vg voltage level) of the
PMOS source transistor MPSRC1 instead of V. Therefore,
when WL is activated and the memory cell, C0, is read out.
It should be noted that because BL_R is not Vg but is Vg
instead, then V54 of MNA1 is not zero, but is -V gy and
leakage current is suppressed significantly. When the sens-
ing operation is finished and bitline pairs are equalized, the
bitline precharge level is now not at 2 V, but is at the
higher voltage of /2 *V 5. Consequently, as Vg4 of NMOS
transistor MNS1 is not reduced the device is not subject to
any sensing speed degradation.

[0092] There are a number of ways according to the
present invention to control the voltage levels at nodes LA
and LAb. The methods below are provided by way of
example and not limitation.

[0093] Controlling Voltage Levels at Node LA.

[0094] When a PMOS transistor is used for the power
source transistor, the period to turn on the PMOS transistor
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is preferably extended to supply a higher voltage to the sense
amplifier by either controlling a pulse, in response to mode
entry and/or exit signals, to enable the PMOS transistor or
directly utilizing a mode entry and/or exit signal. By way of
example and not limitation, two different source transistor
types (pure PMOS and PMOS with a diode) can be utilized.
In normal operation, the pure PMOS transistor and/or
PMOS with a diode, can be turned on in normal operation
while only the PMOS transistor with the diode can be turned
on in self-refresh mode.

[0095] When an NMOS transistor is used for the power
source transistor, the gate voltage can be controlled (e.g., a
higher voltage than normal operation) to supply a higher
voltage to the sense amplifier in the form of a pulse width or
a mode entry and/or exit signal.

[0096] FIG. 3A-3D illustrates examples of controlling the
power levels of the memory circuit. In FIG. 3A a PMOS
transistor is used and the gate signal can be controlled by a
pulse or mode entry and/or exit signals or a combination of
signals accordingly. In FIG. 3B an NMOS transistor is used
and controlled accordingly. In FIG. 3C a PMOS transistor is
used with an error detector, wherein the level of LA is set by
Vierp- In FIG. 3D different types of PMOS source transis-
tors are controlled accordingly.

[0097] Controlling Voltage Levels at Ground Level.

[0098] When a PMOS transistor is used for the ground
source transistor, the gate voltage can be applied so as not to
overcome the PMOS threshold voltage drop, e.g., Vgg
instead of V. The gate can be controlled utilizing a form
of pulse, or a mode entry and/or exit signal, or a combination
of signals.

[0099] When an NMOS transistor is used for a ground
source transistor, the period required to turn on the NMOS
transistor can be controlled so as to be shorter, thereby
preventing ground level discharging to V. This period can
be controlled in the form of a pulse, or a mode entry and/or
exit signal, or a signal combination. In a preferred embodi-
ment, two different source transistor types (pure NMOS and
NMOS with a diode) can be used. In normal operation, the
pure NMOS transistor and/or NMOS transistor with a diode
can be turned on in normal operation, while only the NMOS
transistor with a diode can be turned on in self-refresh mode
to clamp Vg at Vopg-

[0100] FIG. 4A-4D illustrates examples of controlling the
power levels of the memory circuit. In FIG. 4A an NMOS
transistor is used and the gate signal can be controlled by a
pulse, or a mode entry and/or exit signal, or the combination
of'signals accordingly. In FIG. 4B a PMOS transistor is used
and controlled accordingly. In FIG. 4C an NMOS transistor
is used with an error detector, wherein the level of LAb is set
by Vigrn In FIG. 4D different types of NMOS source
transistors are controlled accordingly.

[0101] A third method utilizes a combination of the two
methods above, a negative wordline scheme and new bitline
level control scheme. When this method is used, the circuit
modifications to implement the method is not as complex or
difficult as using only one of the two above mentioned
methods. In this method, by not lowering a precharge
wordline level as much as the first method, the design
complexity can be reduced, and by not boosting the bitline
level as much as the second method, the sensing speed is not
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significantly compromised and the power level does not
need to be boosted as much. This lower level of voltage
boosting is important, because as the operating voltage is
reduced, there becomes no appreciable difference between
the external voltage and the internal DRAM core operating
voltage.

[0102] FIG. 5A-5B illustrate a schematic and timing dia-
gram for an example embodiment of a ground level control
method according to one embodiment. In FIG. 5A a com-
bination of NMOS and PMOS transistors are used to provide
the ground level control. An LVT-PMOS clamp is shown on
the SAN line, such as at each end, which is gated by the
SAPD line. From FIG. 5A it can be seen that the gates of
PMOS transistors are connected to the SAPb line, while
NMOS transistors are connected to the SAN line. In FIG. 5B
it can be seen that control signals SAN and SAPb are
activated at the same time, with SAPb changing from V
to 0V, and SAN changing from OV to V5. However, in
other implementations one signal may start before the other
and high and low voltage can be other than V and 0V,
respectively. Also note that in this example the control signal
SAN uses pulse control, but it should be appreciated that
other types of control methods may be utilized. For example,
a combination of pulse and other existing signals may be
used. While both NMOS and PMOS transistors are used for
ground level control, the PMOS transistor actually clamps
the ground level in this example.

[0103] FIG. 6A-6B illustrates an example schematic and
timing diagram for an alternative ground level control
method. This example is similar to that of FIG. 5A-5B, but
utilizes NMOS source transistors for the power source
transistor, and provides an opposite polarity of the SAPb
line. It should be noted that the LVI-PMOS clamp is shown
on the SAN line, such as at each end, and gated by an
inverted signal from the SAPb line.

[0104] 2. Methods to Reduce ICC3P Current.

[0105] One important parameter in DRAM operation is
ICC3P mode, which is an operating mode referred to as
“active power-down standby mode”. In the ICC3P mode a
memory bank is activated and CKE (clock enable signal) is
low (disabled) and CSB is high (disabled) but address and
control inputs are switching, while the data bus inputs are
stable. In response to this mode of operation the sense
amplifier shown in FIG. 1 is activated after reading the cell
data and assuming that WL0 is enabled and the memory cell
C0 is accessed with cell data low. Referring to FIG. 1, after
reading the cell data, BL._R goes to low and BLB_R goes to
high, wherein MNSRC1 and MPSRC1 are turned on. MPS2
and MNS1 are also turned on, but MPS1 and MNS2 are
turned off.

[0106] 1t should be appreciated that power and ground
source transistors may be different from FIG. 1, for example
the power source transistor in FIG. 1 can be a PMOS
transistor instead of an NMOS transistor. Although MPS1
and MNS2 are turned off because BL,_R and BLB_R are V¢
and Vpp, respectively, there is leakage current flowing
through MPS1 and MNS2. The magnitude of the leakage
current is on the order of a few micro amperes for advanced
process technology, such as 90 nm technology and its
magnitude will be larger as technology progresses toward 80
nm and 65 nm processes. Assuming a 90 nm technology
with 8K (8%1024) sense amplifiers being activated with each
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sense amplifier having 5 pA leakage current, the total
leakage current is very significant at about 40 mA.

[0107] FIG. 7 illustrates a timing diagram for a DRAM
memory design based on the DRAM core configuration
presented in FIG. 1. In active mode, WL0 is enabled and
SANand SAPgoesto Vand V,;,, respectively. Assuming
that the data is low, BL R goes 1o Vg and BLB_R goes to

Vb Veore: DRAM core operating voltage), respectively.
When the power down mode starts, CKE goes low but the
memory bank is still activated, the sense amplifier is turned
on and the leakage current flowing through the turned-off
transistors can be unacceptably large. In this invention,
several methods to suppress the active power-down standby
current such as ICC3P, is described which can also be
applied to similar situations.

[0108] FIG. 8 illustrates a method of suppressing the
active power-down standby current for DRAM core circuits.
In this method the effective threshold voltage of sense
amplifier transistors is increased by increasing the source-
to-body voltage, V. When the power down mode starts,
the power source transistor gate is biased from Vgp, to
V e and the ground source transistor gate is biased from

V.., 10 Vgg, respectively. As a result, the BLB_R level is
lowered from Vigrp 10 Veorp-Vn due to the NMOS
transistor voltage drop and the BL_R level is raised by
PMOS threshold voltage Vp. Therefore, V¢p of MPS1 and
MNS2 can be increased by the amount of Vo and Vi,
respectively. Consequently, the leakage current flowing
through the turned-off transistors, MPS1 and MNS2, can be
effectively reduced. After the power down mode is finished,
the levels for SAP and SAN return back to the normal values

of Vpp, and Vg, respectively.

[0109] FIG. 9 illustrates a block diagram of a memory
device organization for suppressing active power down
current. It should be appreciated that another major leakage
current contribution within memory circuits arises from the
use of duplicated circuits, such as row decoders and word-
line drivers, due to their large numbers. Accordingly, a
second method to suppress the leakage current in ICC3P
mode utilizes adding source transistors to these duplicated
circuits whose state (on/off) can then be changed in response
to device mode, such as by receiving mode entry and/or exit
signals. Any desired combination of power and ground
source transistors can be utilized for controlling power
consumption of the repeated circuits.

[0110] By way of example, the combination of source
transistors include: NMOS power source transistor and
PMOS ground source transistor, NMOS power source tran-
sistor and NMOS ground source transistor, PMOS power
source transistor and NMOS power source transistor, PMOS
power source transistor and PMOS ground source transistor,
NMOS and PMOS power/ground source transistors, NMOS
and PMOS power source transistors and NMOS power
source transistor, and so forth. According to this aspect of
the invention, when the chip operates in ICC3P mode,
source transistors connected to such repeated circuits as row
decoders and wordline drivers are turned off to suppress
leakage current.

[0111] According to one aspect of the invention, instead of
maintaining the state of the wordlines, the wordline (state)
information is stored in a circuit as the wordlines are turned
off and retrieved as the wordlines are turned back on again.
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According to one implementation, the wordline information
is stored at the output of pre-decoders in the pre-decoding
signal latches as shown in FIG. 9. When the chip exits
ICC3P mode, the wordlines are re-activated using informa-
tion stored at the output of pre-decoders and the cell data is
refreshed by the sense amplifier. It should be appreciated
that upon leaving the power down mode, there is a short but
sufficient time (i.e., a few tens of nano-seconds) to reactivate
the wordline and refresh the cell data. In the repeated
circuits, extra high V. transistors can be utilized instead of
adding and controlling source transistors.

[0112] FIG. 10 illustrates a timing diagram for a third
method of suppressing active power down current utilizing
a combination of controlling bitline sense amplifiers and
source transistors within repeated circuits. When ICC3P
mode is entered the source transistors connected to the row
decoders and wordline drivers are turned off, and the word-
line information is stored at the output of row pre-decoders
or row decoders. The levels of sensing nodes (LA and LAb
in FIG. 1) are lowered and boosted, respectively, to increase
the effective threshold voltages of sense amplifier transis-
tors. When ICC3P mode is terminating, the wordline is
reactivated and the levels of sensing nodes return to normal
(Veore and Vg, respectively) wherein the cell data is
refreshed.

[0113] It should be appreciated that the voltage levels of
the sensing nodes can be lowered through the use of any
desired transistor types for each sensing node, for example:
NMOS for power source and PMOS for ground source,
PMOS for power source and NMOS for ground source, or
NMOS for power source and NMOS for ground source, and
so forth. It should be noted that in the example of FIG. 9,
both NMOS and PMOS source transistors are used for
power and ground source transistors, respectively. When
ICC3P mode starts, the gate signal of the NMOS power
source transistor, SAP, goes down to Vgry from Vpp, and
the gate signal of PMOS ground source transistor, SAN,
goes up to Vg from V. It should also be noted that the
level of sensing nodes LA and LAb can be controlled by
using different methods as described in relation to FIG.
3A-3D and FIG. 4A-4D.

[0114] When the ICC3P mode starts, higher V.. transistors
in row decoders and wordline drivers are turned on while
higher performance transistors (normal or low V- transis-
tors) are turned off. The levels of sensing nodes (LA and
LAb in FIG. 1) are lowered and boosted respectively to
increase effective threshold voltages of sense amplifier tran-
sistors. When the ICC3P mode is finished, the voltage levels
of sensing nodes return to normal (Vorg and Vg, respec-
tively) and the cell data is refreshed.

[0115] When the ICC3P mode is entered, the source
transistors are connected to row decoders and the wordline
drivers are turned off and the wordline information is stored
at the output of row pre-decoders or row decoders. The
power and ground source transistors of bitline sense ampli-
fiers are turned off. When the ICC3P mode is finished, the
wordline is reactivated and the power and ground source
transistors of bitline sense amplifiers are turned on to restore
the levels of sensing nodes to normal levels (Vorg and
Vg, respectively) and the cell data is refreshed.

[0116] 3. Methods for Early Wake-Up.

[0117] Source transistors are added to a circuit block
implemented with low V1 transistors to improve speed and
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reduce leakage current by shutting off source transistors.
Some example combinations of power/ground source tran-
sistors according to the present invention can include
NMOS/PMOS, NMOS/NMOS, PMOS/PMOS, PMOS/
NMOS, NMOS & PMOS/PMOS & NMOS. The gate volt-
ages of the source transistors can be varied from Vg5, to
V.., according to the specific applications. Therefore, in
source transistor circuit configurations according to the
invention, the control of source transistors is critical wherein
it is often appropriate to utilize different control methods
depending on circuit application.

[0118] A first method of controlling the source transistors
is to turn them on at the rising or falling clock edge of
command information. For example, when the clock falling
edge is used to accept a command, source transistors can be
turned on after determining if the command is valid. How-
ever, in this case, since the virtual power and ground levels
such as potentials at Vi, and Vg, in FIG. 8 take time to
return to V, and Vg levels, there may be some operating
delay and the chip may not be ready, thus leading to a
possible device malfunction.

[0119] Referring again to FIG. 10 a method is described
for a wakeup means. Typically, a command is provided to
the memory device before the clock edge, a rising edge in
the figure, and bracketed with a set-up time. An internal
asynchronous signal N1 is generated after receipt of a
command, such as an active command. The availability of
signal PES allows source transistors to be turned on earlier
than the clock.

[0120] At the rising edge of the clock, an internal clock
and an internal synchronous signal N2 are generated. When
the internal clock is generated, the state of the command is
valid (low for this figure), and the control signal PES
maintains the valid state. If a command is received by the
chip, such as a precharge command, the internal asynchro-
nous signal N1 is not generated (high in the second clock of
this figure), because this command does not activate the
chip. At the rising edge of the clock, the internal clock is
generated, yet because the state of N1 is not valid, internal
synchronous signal N2 is disabled (it goes to high). The
control signal PES is also disabled (low for this figure) and
source transistors are turned off. It should be appreciated that
the described circuit provides a means to enable source
transistors earlier than the arrival of the clock signal and to
control them based on command state.

[0121] In some applications, the chip allows command
switching but is in an idle or don’t-care condition. In this
case, even though there is no specific chip operation, the
source transistors repeatedly turn on and off, wherein power
is consumed unnecessarily due to repeated capacitive charg-
ing and discharging. To reduce power consumption due to
unnecessary switching, an aspect of the invention teaches
another method for controlling power source transistors.

[0122] FIG. 11 illustrates an example embodiment of
generating source control signals, although a number of
alternative mechanisms can be implemented by one of
ordinary skill in the art based on the teachings herein. In this
figure the circuit block diagrams illustrate methods of gen-
erating two (or multiple) source control signals. A control
signal for early stage, PES, is generated based on the idea
presented in FIG. 10 in order to control early circuit stages.
The signal PES is generated to enable source power tran-
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sistors before the clock rising edge, such as shown by gating
a command signal with a delayed command signal and a
signal N2. Another control signal for late stage, PLS, is
generated with a combination of clock and command in
order to control late circuit stages.

[0123] FIG. 12 illustrates gating control signals to circuit
blocks in early and late stages according to an aspect of the
present invention. These control signals are gated to circuit
or circuit blocks depending on timing to enable each circuit.
For circuits used in early stages of operation, an early
wake-up signal with asynchronous and synchronous infor-
mation, PES; is gated to control source transistors connected
to those blocks to activate the source transistors earlier than
the clock. For circuits at a later stage of operation, a control
signal with synchronous information, PLS, is gated to pre-
vent unnecessary switching power consumption. Note that
control signals can have different polarities accordingly for
properly controlling different types of source transistors.
Address buffer drivers and command generators are con-
trolled by the early wake-up signal PES, and other circuits
are controlled with the late wake-up signal PLS.

[0124] FIG. 13 illustrates another application example of
a control generator circuit according to the present inven-
tion. The figure shows a buffer control signal block, syn-
chronized by CLK, from which an early wake-up signal
block generates signals to a memory circuit block having a
pre-decoder, decoder, and function control circuits. In addi-
tion, source transistor control circuit A and source transistor
control circuit B are shown for reducing leakage currents.

[0125] There are a number of important aspects which
have been discussed so far, the following provided by way
of partial summary. Generating a wake-up signal to enable
source transistors based on a signal received earlier than the
clock signal. The state of the wake-up signal can be deter-
mined by a command at the clock edge. Different wake-up
signals can be generated to control different circuit blocks
depending on signal timing flow. An early wake-up signal
can be generated to enable source transistors to activate the
source transistors earlier than the clock using asynchronous
information of command and synchronous commands ref-
erenced to the clock. A late wake-up signal can be generated
with command and clock information to prevent unneces-
sary switching power consumption due to unnecessary turn-
ing on and off of source transistors. The early wake-up signal
is applied to the circuits at early timing stages and the late
wake-up signal is applied to the circuits at a late timing
stage. Each control signal can have proper levels and polari-
ties for different source transistor types

[0126] 4. Methods to Control Source Transistors.

[0127] FIG. 14A-14B illustrates an example embodiment
of power source control, showing a schematic and timing
diagram, respectively. When using power source transistors
it will be appreciated that the virtual power line associated
with the source transistors needs to be charged sufficiently
early and be ready to supply the necessary supply current so
that the circuit functions as intended. One way of accom-
plishing this according to the present invention is to take
advantage of the fact that the externally supplied voltage is
always higher than the internally generated supply voltage.
Referring to the figure, the memory core configuration
shown in FIG. 1 is used, with the source transistors con-
nected to node LA to supply the sense amplifier. In this
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example, the NMOS transistors are preferably located in the
conjunction area and the PMOS transistors are preferably
located elsewhere. Alternative locations can be utilized, for
example in response to the application as needed.

[0128] In the case shown, EVC is the external supply
voltage and IVC is internally generated voltage. The control
signal SAP2 turns on for a certain period to VPPZ2 level
which is sufficiently high to turn on the NMOS transistor.
This transistor helps to quickly charge the virtual power line
because it is connected to EVC, meaning that a large amount
of current can flow. The NMOS transistor controlled by
signal SAP1 also charges the virtual power line at the same
time and establishes the final voltage of the virtual power
line due to the stable nature of IVC. An important function
of the PMOS transistor, besides charging the virtual power
line, is to make sure that the final virtual power line voltage
is as intended in case VPPZ1 fails to reach a sufficiently high
voltage due to circuit malfunction, environmental effects,
process variation, and so forth. The PMOS transistor only
requires a Vg voltage level to allow it to fully turn on so it
will make sure that the virtual power line voltage is estab-
lished at the proper level. This example shows control
signals SAPB1, SAP1, and SAP2 turning on at the same
time but they may turn on in any combination in other
applications.

[0129] 5. Layout Guidelines.

[0130] The following section describes unit layout, block
layout and core layout according to an aspect of the present
invention which is referred to as z-logic.

[0131] The layout method provides for placing at least one
power/ground source transistor inside a layout block com-
posed of logic transistors. For example, at least one power/
ground source transistor is placed closer to power/ground
line than the logic transistors. It should be appreciated that
this may be implemented with: (1) the power source tran-
sistor including at least one NMOS transistor, (2) the ground
source transistor including a PMOS transistor, (3) the power
source transistor including at least one NMOS transistor and
the ground source transistor including at least one PMOS
transistor, (4) the power source transistor including NMOS
and PMOS transistors, or (5) the ground source transistor
including a PMOS transistor and an NMOS transistor.

[0132] The method also describes placing at least one
power/ground source transistor outside the layout block
composed of logic transistors. In one embodiment the source
transistor is placed under the power lines that do not cross
the layout block composed of logic transistors. The source
transistors can be comprised as (1) through (5) listed above.
In addition, the source transistors can be lumped for the
entire logic block or any desired portion thereof. In one
embodiment the source transistors can be placed in a dis-
tributed manner wherein the power and source transistors
are located adjacent to each layout block. In one implemen-
tation a power source transistor and a ground source tran-
sistor drive the entire layout block. In one implementation
the layout block is segmented and a power source transistor
and a ground source transistor is placed per each segment.

[0133] Described according to an aspect of the invention
is the placement of a virtual power line, which is a power
line that connects source transistors to logic transistors,
closer to the logic transistor than to the power line.
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[0134] Inoneimplementation source transistors are placed
in the gap between column decoders created by sub-word-
line drivers or strapping. Alternatively, the source transistors
can be placed in the gap between row decoders created by
the bitline sense amplifier. As another alternative, the source
transistors that pertain to bitline sense amplifiers can be
placed in the gap between sub-wordline drivers created by
bitline sense amplifiers.

[0135] In one embodiment of bitline sense amplifier for a
DRAM, a PMOS ground source transistor for an NMOS
latch is placed in the NWELL of a PMOS latch. Similarly,
an NMOS power source transistor for a PMOS latch can be
placed in a PWELL, or P-type substrate, of an NMOS latch.

[0136] In one embodiment of DRAM, source transistors
are placed on each bitline pair or group of bitline pairs.

[0137] FIG. 15 illustrates a unit layout referred to as Type
1. Virtual power lines V,, and Vg, are shown with power
lines V, and V. The source transistors are located sepa-
rately. It can also be seen in the figure that the PMOS area
(encircled by dashed line on top) is separated from the
NMOS area beneath it. Semiconductor layers are shown,
such as depicted by M1C, M2C and M3C. In addition, three
metal layers are shown, for example Metal 1 is for inter-
connection, Metal 2 is for local power and global intercon-
nection, and Metal 3 is for global bussing and main power.

[0138] FIG. 16A-16B illustrate a block layout containing
a number of the units shown in FIG. 15 through the center
of the layout, with groups of source transistors which are
placed beneath the power lines to eliminate layout penalty
(loss of usable area). Virtual power drivers are shown on
each block with bussing shown in an exploded view 16B as
it extends from the top of the layout.

[0139] FIG. 17 illustrates another unit layout, herein
referred to as Type 2, wherein the source transistors are
placed vertically above and under logic transistors, and/or
are horizontally placed next to logic transistors. The source
transistors can be seen in the top and bottom areas of the
layout with the bussing. NMOS virtual power drivers are
shown in the upper source transistor area and PMOS virtual
power drivers are shown in the lower source transistor area.
The bussing shown comprises Vgg, std, Vpp, Vpz, Vsz,
Vg, stdb, and V,,. APMOS area is shown in the upper half
of the layout with an NMOS area located in the lower
portion.

[0140] FIG. 18 is a Type 2 block layout containing a
number of the unit layouts of FIG. 17. The virtual power
driver locations are shown on the upper and lower portions
of the block within this figure. This type of block layout is
particular well-suited for use for so-called ‘fuse-box cir-
cuits’.

[0141] FIG. 19A-19B illustrate a z-logic column decoder
layout according to an aspect of the present invention, in
which source transistors are placed in column decoder holes.
Cell arrays are shown being crossed by a subword line
driver, bit line sense amplifier (S/A), column drivers and so
forth. A virtual power driver location is shown at the
intersection of the sub word line driver and column decoder
areas within a column decoder hole. FIG. 19B depicts an
exploded view of the bus lines in the decoder area wherein
Vg, stdb, Vg, Vi, std and Vi, are seen.
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[0142] FIG. 20A-20B illustrate an example layout
embodiment of a z-logic row decoder. In this example the
logic source transistors are placed in decoder holes, with
source transistors of bit line sense amplifiers placed in
relation to bit line pairs, such as per each, per several, per
block and so forth, or placed in an area crossed by sense
amplifier area and sub-wordline driver, such as shown by
area A. FIG. 20B again shown the bus areas, specifically
Vg, stdb, Vg, Vp, std and V,,;, are seen.

[0143] FIG. 21 depicts a first distribution type in relation
to an NWELL.

[0144] FIG. 22 illustrates an example embodiment of a
z-logic distribution type with P sample amplifier (S/A) on a
first side and N sample amplifier (S/A) on an opposing side.
Area of an N-well is shown surrounded by the dotted line on
the left side. The source transistors can be placed in relation
to the bit line pairs, such as per each, per several, per block
and so forth, or may be placed in an area crossed by the sense
amplifier area and sob-wordline driver. The ground source
transistor for N S/A (e.g., PMOS transistor) is placed in an
N well of P S/A, with the power source transistor shown of
P S/A (e.g., NMOS transistor) placed in a P well of N S/A.
Shown in the layout are P act areas and N act areas.

[0145] FIG. 23 illustrates source transistor placement in a
cell array beneath the hole at a crossover between sub-word
line drivers and bit line S/A paths.

[0146] 6. Path Finder Source Transistor Checking.

[0147] A method is described for checking proper source
transistor connection by assigning a known state other than
Vpp or Vg to the node where source transistor connects to
the logic transistor and this known state is output at the logic
output for a certain input state. By way of example the
known state may be a Hi-z state, or a known state defined in
standby mode. In one implementation the same type of
source transistors are connected at every other logic gate.

[0148] According to one implementation the method
includes pin property assignment, and port properties taken
from the schematic itself, external text files or the port name.

[0149] In one implementation, a method is described to
find a leakage path or circuit misconnection by comparing
logic state on either side of the transmission gate.

[0150] A path finder method according to the present
invention is described, which is referred to herein as z-tech-
nology. In using z-technology in a circuit whose standby
status is already known by the designer, such as in DRAM
circuits, the designer already knows the value of input/
output ports and the value of internal nodes in blocks. In this
case a zigzag style z-logic gate is utilized. By using zigzag
style z-logic gates, all nodes must be set to their own standby
value when the block is at standby mode. The leakage path
occurrence condition can be found by running a simulator
(i.e., Verilog simulation) with z-logic gates modeled as
switch level.

[0151] FIG. 24 illustrates an example design shown with
the zigzag gates. FIG. 25 illustrates a transistor level sche-
matic of the gates shown in FIG. 24. FIG. 26 illustrates a
suitable transistor configuration when in standby mode,
while FIG. 27 represents a configuration that yields poor
results when in standby mode. In FIG. 27 if input level of
port A is low at standby mode, then the value of node B is
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Hi-Z and the value of port Z becomes unknown. In that
instance, large leakage currents arise at unexpected leakage
current paths. The path finder method according to the
invention can detect improper configurations of zigzag style
z-logic implementations in response to running a simulation,
such as a Verilog simulation. In addition to checking leakage
path when in standby mode, initial status (for example
during power-up sequence) can be checked by similar meth-
ods. To use the path finder method, predefined information
should be available on all input/output ports when in standby
mode, and may comprise port properties in the schematic
itself, external text files or the port name itself. Improper
configurations can be checked in the block level by the path
finder and can be readily checked in full chip level by
conventional simulation (i.e., Verilog simulation) using a
z-logic library set according to the invention. The z-logic
library set also contains timing information of each gate for
increased accuracy over the use of unit delay simulation.

[0152] Although the description above contains many
details, these should not be construed as limiting the scope
of the invention but as merely providing illustrations of
some of the presently preferred embodiments of this inven-
tion. Therefore, it will be appreciated that the scope of the
present invention fully encompasses other embodiments
which may become obvious to those skilled in the art, and
that the scope of the present invention is accordingly to be
limited by nothing other than the appended claims, in which
reference to an element in the singular is not intended to
mean “one and only one” unless explicitly so stated, but
rather “one or more.” All structural and functional equiva-
lents to the elements of the above-described preferred
embodiment that are known to those of ordinary skill in the
art are expressly incorporated herein by reference and are
intended to be encompassed by the present claims. More-
over, it is not necessary for a device or method to address
each and every problem sought to be solved by the present
invention, for it to be encompassed by the present claims.
Furthermore, no element, component, or method step in the
present disclosure is intended to be dedicated to the public
regardless of whether the element, component, or method
step is explicitly recited in the claims. No claim element
herein is to be construed under the provisions of 35 U.S.C.
112, sixth paragraph, unless the element is expressly recited
using the phrase “means for.”

What is claimed is:
1. A circuit device, comprising:

a memory cell;

at least one memory access transistor coupled to said
memory; and

said memory access transistor configured with a gate-to-
source potential that changes in response to the oper-
ating mode of said circuit device.

2. A circuit device as recited in claim 1, wherein said
memory cell comprises a dynamic random access memory
(DRAM) within a plurality of DRAM memory cells in
which memory state is maintained in response to performing
refresh operations.

3. A circuit device as recited in claim 1, wherein said
gate-to-source potential of said memory cell comprises a
source potential which is higher than the gate potential.

4. A circuit device as recited in claim 3, wherein said
source potential is higher than zero volts, or said gate
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potential is lower than zero volts, or said source potential is
higher than zero volts and said gate potential is lower than
Zero volts.

5. A circuit device as recited in claim 1, further compris-
ing a circuit which changes said gate-to-source potential in
response to reading the state of data within said memory
cell.

6. A circuit device as recited in claim 5, wherein said
circuit comprises a bitline sense amplifier.

7. A circuit device as recited in claim 5, wherein:

said circuit comprises a CMOS latch and a source tran-
sistor; and

said source transistor comprises either a power source
transistor or ground source transistor.
8. A circuit device as recited in claim 1, further compris-
ing:

a PMOS transistor as a ground source transistor which
changes said gate-to-source potential in response to
reading the state of data within said memory cell; and

the source of said PMOS ftransistor is coupled to the
common node of two NMOS transistors of a CMOS
latch, and the drain of said PMOS transistor is con-
nected to ground.

9. A circuit device as recited in claim 8, wherein the gate
potential of the PMOS transistor changes in response to
operating mode.

10. A circuit device as recited in claim 9, wherein the gate
potential of said PMOS transistor change is controlled in
response to receiving a pulse signal.

11. A circuit device as recited in claim 9, wherein:

said memory cell is a dynamic memory cell; and

a gate potential of said PMOS transistor is lower than zero
volts in normal operating mode, and said gate potential
is zero volts in refresh mode.

12. A circuit device as recited in claim 11, wherein said
refresh mode is controlled by a memory controller or
memory device.

13. A circuit device as recited in claim 1, further com-
prising:

an NMOS source transistor as a ground source transistor
which changes said gate-to-source potential in response
to reading the state of data within said memory cell; and

the drain of said NMOS source transistor is coupled to a
common node of two NMOS transistors of a CMOS
latch, and the source of said NMOS source transistor is
connected to ground.

14. A circuit device as recited in claim 13, wherein the
gate potential of said NMOS source transistor changes in
response to operating mode of said circuit device.

15. A circuit device as recited in claim 14, wherein said
gate potential of said NMOS source transistor is controlled
by a pulse signal, or by a reference voltage through an error
detector.

16. A circuit device as recited in claim 14, wherein:

said memory cell is a dynamic memory cell; and

a gate potential of said NMOS source transistor is lower
in refresh mode than in normal operating mode.
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17. A circuit device as recited in claim 16, wherein said
refresh mode is controlled by a memory controller or
memory device.

18. A circuit device as recited in claim 1, further com-
prising:

a combination of PMOS and NMOS source transistors as
a ground source transistor which changes said gate-to-
source potential in response to reading the state of data
within said memory cell;

a source of said PMOS source transistor is connected to
the common node of two NMOS transistors of a CMOS
latch; and

a drain of said NMOS source transistor is coupled to a
common node of two NMOS transistors of a CMOS
latch, and the source of said NMOS source transistor is
connected to ground.

19. A circuit device as recited in claim 18, wherein the
gate potential of said PMOS and NMOS source transistors
changes in response to operating mode of said circuit device.

20. A circuit device as recited in claim 19, wherein said
gate potential of said NMOS source transistor is controlled
by a pulse signal.

21. A circuit device as recited in claim 18, wherein the
turn-on time of said PMOS source transistor exceeds the
turn-on time of said NMOS source transistor.

22. A circuit device as recited in claim 18, wherein:

said memory cell is a dynamic memory cell; and

a gate potential of said NMOS source transistor is lower

in refresh mode than in normal operating mode.

23. A circuit device as recited in claim 22, wherein said
refresh mode is controlled by a memory controller or
memory device.

24. A circuit device as recited in claim 1, further com-
prising:

a circuit which changes said gate-to-source potential in
response to reading the state of data within said
memory cell;

said circuit comprises a CMOS latch and a ground source
transistor; and

said memory cell is configured with two grounding paths,
with a first path going to ground and a second path
going to a potential above ground potential.
25. A circuit device as recited in claim 24, wherein said
grounding path comprises:

a first grounding path having a first NMOS transistor with
a drain coupled to the common node of two transistors
of a CMOS latch, with the source of said first NMOS
transistor coupled to ground;

a second grounding path which connects to a voltage
potential higher than ground; and

said second grounding path having a second NMOS
transistor with a drain connected to the common node
of two NMOS transistors of a CMOS latch, with the
source of said second NMOS transistor connected to a
node having a voltage potential higher than ground.
26. A circuit device as recited in claim 25, wherein the
voltage potential higher than ground of said node is gener-
ated in response to a diode drop, or a voltage source.
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27. A circuit device as recited in claim 26, wherein an
NMOS or PMOS diode is used to generate said diode drop.

28. A circuit device as recited in claim 24, wherein the
gate of said first NMOS transistor is controlled by a pulse
signal.

29. A circuit device as recited in claim 24, wherein the
turn-on time of said second NMOS transistor exceeds the
turn-on time for said first NMOS transistor.

30. A circuit device as recited in claim 1, further com-
prising:

a circuit which changes said gate-to-source potential in
response to reading the state of data within said
memory cell;

said circuit comprises a CMOS latch and a power source
transistor;

wherein said power source transistor comprises an NMOS
source transistor; and

a source of said NMOS source transistor is connected to
a common node of two PMOS transistors of a CMOS
latch and the drain of said NMOS source transistor is
connected to power.

31. A circuit device as recited in claim 30, wherein the
gate potential of the NMOS source transistor changes in
response to operating mode.

32. A circuit device as recited in claim 31, wherein the
gate potential of said NMOS source transistor changes in
response to receiving a pulse signal.

33. A circuit device as recited in claim 31, wherein:

said memory cell is a dynamic memory cell; and

the gate potential of said NMOS source transistor is
higher than V, in normal operating mode and is at
V,,, or lower while in refresh mode.

34. A circuit device as recited in claim 33, wherein said
refresh mode is controlled by a memory controller or
memory device.

35. A circuit device as recited in claim 1, further com-
prising:

a PMOS source transistor as a power source transistor
which changes said gate-to-source potential in response
to reading the state of data within said memory cell; and

a drain of said PMOS source transistor is coupled to the
common node of two PMOS transistors of a CMOS
latch, and the source of said PMOS source transistor is
connected to power.

36. A circuit device as recited in claim 35, wherein the
gate potential of the PMOS source transistor changes in
response to operating mode changes.

37. A circuit device as recited in claim 36, wherein the
gate potential of said PMOS source transistor is controlled
by a pulse signal, or by a reference voltage through an error
detector.

38. A circuit device as recited in claim 36, wherein the
gate potential of said PMOS source transistor is higher in
refresh mode than in normal operating mode.

39. A circuit device as recited in claim 38, wherein said
refresh mode is controlled by a memory controller or
memory device.

40. A circuit device as recited in claim 1, further com-
prising:
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a combination of PMOS and NMOS source transistors as
power source transistors which change said gate-to-
source potential in response to reading the state of data
within said memory cell;

a drain of said NMOS source transistor is coupled to the
common mode of two PMOS transistors of a CMOS
latch, and the drain of said NMOS source transistor is
connected to power, and the drain of said PMOS source
transistor is coupled to the common node of two PMOS
transistors of a CMOS latch, and the source of said
PMOS source transistor is connected to power.

41. A circuit device as recited in claim 40, wherein the
gate potential of the combination of NMOS and PMOS
source transistors, as power source transistors, changes in
response to operating mode changes.

42. A circuit device as recited in claim 40, wherein the
gate potential of said PMOS source transistor is controlled
by a pulse signal.

43. A circuit device as recited in claim 40, wherein the
turn-on time of said NMOS source transistor exceeds the
turn-on time of said PMOS transistor.

44. A circuit device as recited in claim 1, wherein:

the difference in gate-to-source potential is controlled by
a circuit that reads the cell data;

the circuit is composed of a CMOS latch and source
transistors which are either ground source transistors or
power source transistors; and

two power paths are supported, a first path going to power
and a second path going to a potential below power
potential.
45. A circuit device as recited in claim 44, wherein said
two power paths comprise:

a first power path having a first PMOS source transistor
whose drain is connected to the common node of two
PMOS transistors of a CMOS latch, and the source of
said first PMOS source transistor is connected to
power;

a second power path having a potential lower than power;
and

said second power path having a second PMOS source
transistor whose drain is connected to the common
node of two PMOS transistors of a CMOS latch and the
source of the second PMOS source transistor connected
to a certain node whose voltage is lower than power.
46. A circuit device as recited in claim 45, wherein said
potential lower than power potential for said node is gen-
erated by a voltage source, or in response to a diode drop.
47. A circuit device as recited in claim 46, wherein an
NMOS or PMOS diode is used to generate said diode drop.
48. A circuit device as recited in claim 44, wherein the
gate potential of said PMOS source transistor is controlled
by a pulse signal.
49. A circuit device as recited in claim 44, wherein the
turn-on time of said second PMOS source transistor exceeds
the turn-on time of said first PMOS source transistor.

50. A dynamic memory (DRAM) device, comprising:
a plurality of memory cells;

a pair of bitlines coupled to said memory cells;
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said memory cells are configured to maintain memory
state in response to performing refresh operations; and

said memory cells are configured with a cell data high
potential which is boosted in self-refresh, or system
controlled, refresh mode.

51. A dynamic memory as recited in claim 50, wherein the
equalized bitline voltage level is higher in self-refresh mode
than in normal operating mode.

52. A dynamic memory as recited in claim 51, wherein the
higher equalized bitline level in self-refresh mode is con-
trolled by a bitline precharge level generator.

53. A dynamic memory as recited in claim 50, wherein the
equalized bitline voltage level is higher than the output level
of a precharge level generator for a bitline.

54. A dynamic memory as recited in claim 50, wherein the
boosted voltage potential is controlled by a reference voltage
signal through an error detector, a pulse signal, a combina-
tion of existing signal, or a combination of reference voltage
signal, pulse signal and mode entry and/or exit signals.

55. A dynamic memory as recited in claim 50, wherein the
source transistor generating cell data high potential com-
prises at least a first, second and third source transistor.

56. A dynamic memory as recited in claim 55, wherein
said first source transistor comprises a PMOS source tran-
sistor, and said second and third source transistors comprise
NMOS source transistors.

57. A dynamic memory as recited in claim 56, wherein
said first transistor is configured for speeding up supply
power.

58. A dynamic memory as recited in claim 57, wherein
said first source transistor is connected to a power supply
that is higher than the supply voltage of second and third
source transistors.

59. A dynamic memory as recited in claim 56, wherein
said second source transistor generates main power.

60. A dynamic memory as recited in claim 56, wherein
said third source transistor generates auxiliary power.

61. A dynamic memory as recited in claim 56, wherein the
source of first PMOS source transistor and the drain of first
NMOS source transistor is connected to internally generated
power and the drain of second NMOS source transistor is
connected to externally supplied power.

62. A dynamic memory as recited in claim 61, wherein the
gate of second NMOS source transistor is controlled by a
pulse or a combination of pulse and mode entry and/or exit
signals.

63. A dynamic memory as recited in claim 62, wherein the
second NMOS source transistor is configured to provide a
turn-on time in self-refresh mode that exceeds the turn-on
time in normal operating mode.

64. A dynamic memory (DRAM) device, comprising:

a plurality of memory cells whose memory state is
maintained in response to performing refresh opera-
tions;

a pair of bitlines coupled to said memory cells;

a bitline sense amplifier coupled to said bitlines for
sensing the state of said memory cells;

a plurality of source transistors coupled to said bitline
sense amplifier;
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said plurality of source transistors comprises a first PMOS
source transistor, a first NMOS source transistor, and a
second NMOS source transistor; and

said source transistors are connected to a latch within said
bitline sense amplifier.
65. A dynamic memory as recited in claim 64, wherein:

the source of said first PMOS source transistor, and the
drain of first NMOS source transistor, are connected to
internally generated power; and

the drain of said second NMOS source transistor is

connected to externally supplied power.

66. A dynamic memory as recited in claim 64, wherein the
gate of said second NMOS source transistor is controlled by
apulse, or a combination of pulse and mode entry and/or exit
signal

67. A dynamic memory (DRAM) device, comprising:

a plurality of memory cells;

wherein memory state of said dynamic memory is main-
tained in response to performing refresh operations;

a pair of bitlines coupled to said memory cells;

a bitline sense amplifier coupled to said bitlines for
sensing the state of said memory cells; and

a plurality of source transistors coupled to said bitline
sense amplifier and configured to increase the voltage
potential of memory cell high data.

68. A dynamic memory as recited in claim 67, wherein
said plurality of source transistors comprises three source
transistors.

69. A dynamic memory as recited in claim 68, wherein:

said plurality of source transistors comprises a first PMOS
source transistor, a first NMOS source transistor, and a
second NMOS source transistor; and

said source transistors are connected to a latch within said
bitline sense amplifier.
70. A dynamic memory as recited in claim 68, wherein:

a first of said plurality of source transistors is used to
speed up supply power by being connected to a power
supply configured with a higher voltage potential than
the supply voltage of a second source transistor and a
third source transistor within said plurality of source
transistors;

said second source transistor is configured to deliver main
power; and

said third source transistor is configured to deliver aux-
iliary power.
71. A method of reducing current in a dynamic memory
circuit, comprising:

coupling at least one source transistor to the sense ampli-
fiers of the dynamic memory circuit for operation from
virtual power supplies;

suspending read and/or write accesses to a memory block
to enter active-standby mode in response to receiving
an associated signal; and

changing the state of said source transistors while main-
taining data in said memory cell to reduce operating
current of said memory block.
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72. A method as recited in claim 71, wherein said at least
one source transistor comprises at least one power source
transistor, at least one ground source transistor, or a com-
bination of power and ground source transistors.

73. A method as recited in claim 71, wherein said source
transistors are controlled in response to receiving a pulse
signal, or a reference voltage received through an error
detector, or mode entry and/or exit signals, or a combination
of pulse, reference voltage, or mode entry and/or exit
signals.

74. A method as recited in claim 71, wherein changing the
state of said source transistors lowers the voltage supplied to
the bitline latch in active standby mode.

75. A method as recited in claim 71, wherein said at least
one source transistor comprises at least one NMOS source
transistor, or at least one PMOS source transistor, or a
combination of NMOS and PMOS source transistors.

76. A method as recited in claim 71, wherein said source
transistor comprises at least one NMOS power source tran-
sistor configured with a gate potential that is lower when the
dynamic memory circuit is in active standby mode than
when the dynamic memory circuit is in normal operating
mode.

77. A method as recited in claim 71, wherein said source
transistor comprises at least a ground source transistor which
supplies ground voltage to the bitline latch wherein the
ground voltage has a higher potential in active standby mode
than in normal operating mode in response to controlling the
state of the ground source transistor.

78. A method as recited in claim 77, wherein the ground
source transistor comprises NMOS source transistors,
PMOS source transistors, or both NMOS and PMOS source
transistors.

79. A method as recited in claim 77, wherein the ground
source transistor is controlled in response to receiving a
pulse signal, or a reference voltage received through an error
detector, or mode entry and/or exit signals, or a combination
of pulse, reference voltage, or mode entry and/or exit
signals.

80. A method as recited in claim 71, further comprising:

storing the address information of a wordline in a first
circuit;
disabling the wordline by a second circuit to reduce

current consumption upon entering an active standby
mode, or other low power mode; and

restoring said wordline with said stored address informa-
tion upon exiting said active standby mode, or other
low power mode.

81. A method as recited in claim 80, wherein storing of the
address information and/or disabling of the wordline is
performed in response to the receipt of mode entry and/or
exit signals.

82. A method as recited in claim 80, wherein:

said second circuitry comprises source transistors which
are coupled to one or more circuits selected from the
group of circuits consisting of: address driver, address
predecoder, address decoder and wordline driver;

said source transistors are deactivated to disable the
wordlines; and

said source transistors comprise NMOS transistors,
PMOS transistors, or a combination of NMOS and
PMOS transistors.
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83. A method as recited in claim 82, wherein the state of
said second circuit enters precharge state in response to
receipt of a control signal, and the source transistor con-
nected to the second circuit is deactivated by the same or
another control signal.

84. A method as recited in claim 82, wherein said storing,
disabling and restoring is performed by said first and second
circuits in response to the receipt of mode entry and/or exit
signals.

85. A method of reducing current in a dynamic memory
circuit, comprising:

coupling at least one source transistor to the sense ampli-
fier of the dynamic memory circuit to configure it for
operation from a virtual power supply; and

changing the state of said at least one source transistor to
reduce operating current of said memory block while
maintaining data in said memory cell;

wherein the state of said source transistor is changed in
response to receiving an asynchronous signal with
positive setup time relative to a first clock, or a syn-
chronous signal referenced to a second clock with a
positive setup time relative to the first clock.

86. A method as recited in claim 85, wherein said asyn-
chronous signal is a command signal.

87. A method as recited in claim 85, wherein said second
clock and said first clock operate at an identical frequency,
while having a differing phase relationship.

88. A method as recited in claim 85, wherein said second
clock and said first clock operate at different frequencies
from one another.

89. A method as recited in claim 85, wherein:

said source transistors comprise power source transistors;

said power source transistors comprise a combination of
NMOS and PMOS source transistors; and

wherein two or more asynchronous signals control said
power source transistors and in which the earlier asyn-
chronous signal is applied to the gate of the PMOS
source transistor.

90. A method as recited in claim 89, wherein the asyn-
chronous signal that enables the NMOS source transistor has
a voltage potential that exceeds the power potential.

91. A method as recited in claim 85, wherein:

said source transistors comprise ground source transis-
tors;

said ground source transistors comprise a combination of
NMOS and PMOS source transistors; and

wherein two or more asynchronous signals control the
ground source transistors and in which the earlier
asynchronous signal is applied to the gate of the NMOS
source transistor.

92. A method as recited in claim 91, wherein the asyn-
chronous signal that enables the PMOS source transistor has
a voltage potential below that of ground potential.

93. A method as recited in claim 85, wherein:

said source transistors comprise power source transistors;

said power source transistors comprise a combination of
NMOS and PMOS source transistors; and
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wherein two or more synchronous signals control the
power source transistors and in which the earlier syn-
chronous signal is applied to the gate of the PMOS
transistor.

94. A method as recited in claim 93, wherein the syn-
chronous signal that enables the NMOS source transistor has
a voltage potential that exceeds the power potential.

95. A method as recited in claim 85, wherein

said source transistors comprise ground source transis-
tors;

said ground source transistors comprise a combination of
NMOS and PMOS source transistors; and

wherein two or more synchronous signals control the
ground source transistors and in which the earlier
synchronous signal is applied to the gate of the NMOS
source transistor.

96. A method as recited in claim 95, wherein the syn-
chronous signal that enables the PMOS source transistor has
a lower voltage potential than that of ground potential.

97. A method as recited in claim 85, wherein:

said source transistors comprise power source transistors;

said power source transistors comprise a combination of
NMOS and PMOS source transistors;

wherein an asynchronous signal controls the PMOS
source transistor and a synchronous signal controls the
NMOS source transistor; and

wherein said asynchronous signal is generated before the
synchronous signal.
98. A method as recited in claim 85, wherein:

said source transistors comprise ground source transis-
tors;

said ground source transistors comprise a combination of
NMOS and PMOS source transistors;

wherein an asynchronous signal controls the NMOS
source transistor and a synchronous signal controls the
PMOS source transistor; and

wherein said asynchronous signal is generated before the
synchronous signal.
99. A method of reducing current in a dynamic memory
circuit, comprising:

coupling at least one source transistor to the sense ampli-
fier of the dynamic memory circuit to configure it for
operation from a virtual power supply; and

changing the state of said at least one source transistor to
reduce operating current of said memory block while
maintaining data in said memory cell;

wherein the state of said source transistor is changed in
response to receiving an asynchronous signal with
positive setup time relative to a clock and a synchro-
nous signal referenced to same said clock.
100. A method as recited in claim 99, wherein said
asynchronous signal is a command signal.
101. A method as recited in claim 99, further comprising:

logically or physically dividing the dynamic memory
circuit into sections;
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controlling source transistors of a first portion of said
sections by an asynchronous signal and controlling
source transistors of a second portion of said sections
by a synchronous signal.

102. A method as recited in claim 99, wherein said
asynchronous signal is received prior to the synchronous
signal.

103. A method as recited in claim 99, wherein:

said source transistors comprise a combination of NMOS
and PMOS source transistors;

wherein two or more asynchronous or synchronous sig-
nals control the source transistors;

wherein the earlier of said asynchronous or synchronous
signals is applied to the gate of the PMOS source
transistor for power source transistors, or to the gate of
the NMOS source transistor for ground source transis-
tors.

104. A method as recited in claim 103, wherein:

said asynchronous or synchronous signal that enables the
NMOS source transistor has a voltage potential that
exceeds the power potential; and

said asynchronous or synchronous signal that enables the
PMOS source transistor has a voltage potential that is
lower than ground potential.

105. A method as recited in claim 103, wherein:

said asynchronous signal controls the PMOS source tran-
sistor and said synchronous signal controls the NMOS
source transistor; and

said asynchronous signal is received prior to said syn-
chronous signal.
106. A method as recited in claim 103, wherein:

said asynchronous signal controls the NMOS source
transistor and said synchronous signal controls the
PMOS source transistor; and

said asynchronous signal is received prior to said syn-
chronous signal.

107. An integrated circuit, comprising:

at least one block of memory cells containing a plurality
of logic transistors;

at least one power path and at least one ground path
bordering said block of memory cells;

a row decoder coupled to each block of memory cells
within said at least one block of memory cells;

a column decoder coupled to each block of memory cells
within said at least one block of memory cells;

at least a pair of bitlines coupled to each memory cell of
said at least one block of memory cells;

a bit line sense amplifier coupled to said pair of bit lines
and configured for sensing differential voltage of a
memory cell within said memory cells and refreshing
the high or low state of said memory cell;

at least one source transistor within the plurality of logic
transistors of the memory block which is configured for
generating at least one virtual voltage level; and
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at least one virtual power path, virtual ground path, or
combination of virtual power and ground paths coupled
to said at least one virtual voltage level.

108. An integrated circuit as recited in claim 108, wherein
at least one source transistor is placed closer to its respective
power or ground line than the logic transistors.

109. An integrated circuit as recited in claim 108, wherein
said source transistor comprises a power source transistor, a
ground source transistor, or a combination of power and
ground source transistors.

110. An integrated circuit as recited in claim 110, wherein
said power source transistor includes an NMOS source
transistor, or ground source transistor includes a PMOS
source transistor, or power source transistor includes an
NMOS source transistor and ground source transistor
includes a PMOS source transistor.

111. An integrated circuit as recited in claim 110, wherein
said power source transistors includes NMOS and PMOS
source transistors, or ground source transistors including
PMOS and NMOS source transistors, or both power and
source transistors including PMOS and NMOS source tran-
sistors.

112. An integrated circuit as recited in claim 108, wherein
at least one source transistor is positioned outside said
memory block composed of logic transistors.

113. An integrated circuit as recited in claim 113, wherein
said source transistor is positioned under the power line and
does not cross the plurality of logic transistors of the block
of memory cells.

114. An integrated circuit as recited in claim 113, wherein
said source transistors comprise a lumped placement of
source transistors for the entire logic block.

115. An integrated circuit as recited in claim 113, wherein
said source transistors comprise a distributed placement of
source transistors where power and source transistors are
adjacent to each layout block.

116. An integrated circuit as recited in claim 113, wherein
said source transistors comprise power source transistors
and a ground source transistor which drives the entire layout
block.

117. An integrated circuit as recited in claim 113, wherein
the block of memory cells is segmented and a power source
transistor and a ground source transistor is placed per each
segment.

118. An integrated circuit as recited in claim 108, wherein
said virtual power line is positioned closer to the logic
transistors of said memory cells than to one or more power
lines of said integrated circuit.

119. An integrated circuit as recited in claim 108, wherein
said at least one source transistor is positioned in the gap
between a pair of column decoders at the intersection of a
sub-wordline driver, or by strapping.

120. An integrated circuit as recited in claim 108,
wherein:

said integrated circuit comprises a dynamic memory
integrated circuit; and

said at least one source transistor is positioned in the gap
between a first and second row decoder at the inter-
section with a bitline sense amplifier.
121. An integrated circuit as recited in claim 108,
wherein:

said integrated circuit comprises a dynamic memory
integrated circuit; and
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said at least one source transistor is positioned in the gap
between a first and second sub-wordline driver at the
intersection with a bitline sense amplifier.
122. An integrated circuit as recited in claim 108,
wherein:

said integrated circuit comprises a dynamic memory
integrated circuit;

said source transistor comprises a PMOS ground source
transistor coupled to a cross-coupled pair of NMOS
transistors within a latch of said bit line sense amplifier;
and

said source transistor is placed in an NWELL of a
cross-coupled pair of PMOS transistors within a latch
of said bit line sense amplifier.

123. An integrated circuit as recited in claim 108,

wherein:

said integrated circuit comprises a dynamic memory
integrated circuit;

said source transistor comprises a NMOS power source
transistor coupled to a cross-coupled pair of PMOS
transistors within a latch of said bit line sense amplifier;
and

said source transistor is placed in a PWELL, or P-type
substrate, of a cross-coupled pair of NMOS transistors
within a latch of said bit line sense amplifier.
124. An integrated circuit as recited in claim 108,
wherein:

said integrated circuit comprises a dynamic memory
integrated circuit; and

Apr. 12,2007

said source transistor is placed on each said pair of bitlines
or a group of bitline pairs.
125. A method of determining proper source transistor
connection within a memory or logic circuit, comprising:

executing a simulation routine for characterizing said
memory or logic circuit;

assigning a known state, other than V, or Vg, to the
node where a source transistor connects to the logic
transistor during said simulation; and

said known state is output at the logic output for a

predetermined input state.

126. A method as recited in claim 126, wherein said
known state is a high-impedance (Hi-Z) state.

127. A method as recited in claim 126, wherein said
predetermined input state is a known state defined in standby
mode.

128. A method as recited in claim 126, wherein said
source transistor is the same type of source transistor as
connected to every other logic gate within a block of said
memory or logic circuit.

129. A method as recited in claim 126, wherein said
simulation routine of said method includes pin property
assignment, and port properties extracted from either the
schematic, external text file or port name.

130. A method as recited in claim 126, further comprising
comparing logic state on either side of a transmission gate to
find a leakage path or circuit misconnection.



